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ȱ

Abstract: Desertification is affecting Lebanon�s environment and its resources, even though the 
country enjoys a fair amount of water and green cover. Many threats inducing land degradation are 
increasing the vulnerability of the country. The paper reveals those threats and emphasizes that 
facing them with proper solutions needs information. The more information, the less vulnerable is 
the country. Such information must be intersectorial, integrated and is best obtained through remote 
sensing, especially the use of indicators. 

Keywords: Environment, threats, land degradation, indicators, information 

Resumé: La desertification affecte l�environnement du Liban et ses ressources; le pays jouissant 
pourtant d�une bonne part d�eau et de couverture végétale. Plusieurs menaces favorisant la 
dégradation du sol rehaussent la vulnérabilité du pays. L�article révèle ces menaces et souligne la 
nécessité de les affronter avec de propres solutions à base d�informations utiles. Plus ces dernières 
sont disponibles, moins vulnérable est le pays. De pareilles informations doivent être 
intersectorielles, intégrées et peuvent être mieux obtenues par télédétection, notamment l�utilisation 
des indicateurs. 

Mots-clés: Environnement, menaces, dégradation du sol, indicateurs, informations 

ȱ

Introduction 

AlthoughȱLebanonȱenjoysȱnaturalȱconditionsȱofȱprecipitationȱandȱgreenȱcoverȱthatȱshouldȱmakeȱ
itȱ lessȱvulnerableȱ toȱdesertificationȱ thanȱ itsȱneighboringȱMiddleȱEastȱ countries,ȱ yetȱ thereȱ areȱ
largeȱareasȱinȱtheȱcountryȱundergoingȱdegradation.ȱInȱfact,ȱtheȱlocalȱauthoritiesȱandȱconcernedȱ
researchersȱareȱquiteȱworriedȱaboutȱdesertificationȱinȱtheȱcountry,ȱmostlyȱbecauseȱofȱtheȱaddedȱ
factorȱimpactingȱtheȱbalanceȱofȱnaturalȱecosystems,ȱnamely,ȱhumanȱinterferenceȱ(Khawlie,ȱ2000;ȱ
NAP,ȱ2002).ȱThisȱfactorȱisȱaddingȱupȱconsiderablyȱtoȱtheȱeffectsȱofȱsevereȱclimaticȱevents,ȱsuchȱ
asȱdroughtsȱandȱtorrentialȱfloods,ȱthatȱareȱbecomingȱmoreȱfrequent.ȱItȱisȱhighlyȱlikelyȱthatȱthoseȱ
eventsȱ areȱ dueȱ toȱ climateȱ changeȱ (Khawlie,ȱ 2001;ȱ MoE,ȱ 1999)ȱ overtakingȱ theȱ easternȱ
MediterraneanȱRegion.ȱ

Theȱvulnerabilityȱisȱreflectedȱinȱdeterioratedȱnaturalȱresources,ȱi.e.ȱwaterȱ(Khawlie,ȱ2001),ȱforestȱ
andȱagricultureȱ(Masriȱetȱal.,ȱ2002;ȱJomaaȱ&ȱKhawlie,ȱ2002),ȱsoilȱ(BouȱKheirȱetȱal.,ȱ2001)ȱasȱwellȱ
asȱ theȱ socialȱ fabric,ȱ socioeconomicȱ aspectsȱ andȱ theȱ environmentȱ (MoE,ȱ 1995).ȱThisȱmeansȱ anȱ
impactȱonȱ theȱqualityȱofȱ living,ȱwhichȱ requiresȱ seriousȱassessmentȱandȱadaptationȱmeasures.ȱ
Waterȱ availabilityȱ isȱ beingȱ reduced,ȱ forestsȱ areȱ burntȱ orȱ cutȱ down,ȱ agriculturalȱ produceȱ isȱ
reducedȱ andȱ ruralȱ communitiesȱ areȱmigratingȱ leavingȱ theȱ landȱ toȱ furtherȱdeterioration.ȱTheȱ
problemȱ needsȱ toȱ beȱ checked,ȱ becauseȱ theȱ rateȱ ofȱ worseningȱ ofȱ suchȱ deteriorationȱ isȱ
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exponential:ȱ theȱ furtherȱ itȱgoesȱ theȱmoreȱvulnerableȱ theȱ land,ȱnaturalȱ resourcesȱ andȱhumansȱ
become.ȱ

Theȱmajorȱsetbackȱfacingȱtheȱaboveȱ isȱtheȱ lackȱofȱdataȱandȱinformation,ȱespeciallyȱonȱupdatedȱ
andȱupgradedȱbasis.ȱAsȱanȱexample,ȱtheȱbasicȱtopographicȱmapsȱstillȱmostȱinȱuseȱgoȱbackȱtoȱtheȱ
earlyȱsixtiesȱ(DAG,ȱ1962).ȱStudyingȱthoseȱmapsȱoneȱcanȱeasilyȱnoticeȱtheȱhugeȱchangesȱthatȱtookȱ
placeȱsince.ȱAnȱupdatedȱgreenȱcoverȱmapȱwasȱpreparedȱbyȱFAOȱfromȱ1987ȱsatelliteȱ imageriesȱ
(FAO,ȱ1990).ȱEvenȱthisȱmapȱshowsȱseveralȱdiscrepanciesȱcomparedȱwithȱpresentȱdayȱcoverage.ȱ
Obviously,ȱthereȱisȱaȱneedȱnotȱonlyȱforȱupdatingȱtheȱinformationȱofȱthoseȱmaps,ȱandȱothers,ȱbutȱ
alsoȱtoȱmonitorȱtheȱvariousȱdesertificationȱprocesses.ȱThisȱisȱwhyȱremoteȱsensingȱshouldȱplayȱaȱ
crucialȱ roleȱ inȱ theȱmonitoringȱ andȱ upgradingȱ framework.ȱAccordingly,ȱ theȱ purposeȱ ofȱ thisȱ
paperȱisȱtoȱreflectȱonȱtheȱuseȱofȱremoteȱsensingȱinȱhelpingȱthoseȱconcernedȱbyȱsupplyingȱthemȱ
updated,ȱtotalȱandȱaccurateȱinformationȱonȱdesertificationȱinȱLebanonȱtoȱreduceȱitsȱvulnerabilityȱ
(Khawlieȱetȱal.,ȱ2001,ȱ2002;ȱCTMȬERS,ȱ1999;ȱGentile,ȱ1998).ȱ

Problem And Scope 

Theȱ Governmentȱ ofȱ Lebanonȱ signedȱ theȱ Conventionȱ toȱ Combatȱ Desertificationȱ (CCD)ȱ inȱ
Septemberȱ1995ȱandȱratifiedȱitȱinȱDecemberȱ1995ȱ(NAP,ȱ2002)ȱunderȱtheȱauspicesȱofȱtheȱMinistryȱ
ofȱ Agricultureȱ (MoA).ȱ Lebanon�sȱ problemsȱ inȱ landȱ degradationȱ areȱ theȱ sameȱ asȱ thoseȱ ofȱ
neighboringȱcountries,ȱi.e.ȱaȱnaturalȱdeficiencyȱinȱwaterȱ(Brooks,ȱ2000;ȱSadekȱ&ȱBarghouti,ȱ1994)ȱ
butȱassociatedȱwithȱaȱstrongȱhumanȱinterferenceȱandȱmismanagementȱofȱnaturalȱresources.ȱTheȱ
country�sȱtechnicalȱandȱfinancialȱcapacitiesȱareȱseriousȱconstraintsȱinȱcopingȱwithȱdesertification.ȱ
FAO,ȱUNDPȱandȱtheȱGermanȱGTZȱhaveȱextendedȱhelpȱinȱthisȱregard,ȱandȱaȱdedicatedȱsectionȱ
wasȱestablishedȱforȱthatȱpurposeȱatȱtheȱMoA.ȱ

IfȱtheȱUNCCDȱArticleȱ1ȱisȱconsidered,ȱwhichȱdefinesȱ�desertificationȱproneȱareas�ȱthroughȱtheȱ
ratioȱofȱannualȱprecipitationȱtoȱpotentialȱevapotranspirationȱatȱ0.05ȱtoȱ0.65,ȱthenȱapproximatelyȱ
60%ȱofȱtheȱcountryȱfallsȱwithinȱthisȱrangeȱ(NAP,ȱ2002).ȱOutȱofȱthis,ȱ40.06%ȱcoversȱaridȱandȱsemiȬ
aridȱareas,ȱwhileȱ theȱ rest,ȱ59.94%ȱcoversȱdryȱ subȬhumidȱandȱ subȬhumidȱ toȱhumidȱareas.ȱTheȱ
highȱriskȱareasȱfocusȱmainlyȱinȱtheȱfollowingȱpartsȱofȱLebanon:ȱtheȱNorthȱ(Akkar),ȱtheȱNortheastȱ
(Bekaa),ȱ andȱ theȱ Southȱ (Fig.ȱ 1).ȱ Interestinglyȱ enough,ȱ theseȱ areȱ theȱ areasȱ thatȱ hadȱ theȱ leastȱ
attentionȱinȱdevelopmentȱeffortsȱbyȱtheȱsucceedingȱgovernmentsȱtheȱlastȱfiveȱdecades.ȱTheyȱareȱ
theȱareasȱwithȱ leastȱmonitoringȱandȱ informationȱand,ȱtherefore,ȱtheȱmostȱvulnerableȱ(Tableȱ1).ȱ
Theȱ Tableȱ showsȱ theȱ threatsȱ facingȱ thoseȱ areasȱ explainingȱ theirȱ highȱ vulnerabilityȱ andȱ
susceptibilityȱtoȱdesertification.ȱ

Asȱshownȱ inȱ(Fig.ȱ1),ȱtheȱthreeȱareasȱareȱunderȱdifferentȱclimaticȱeffects:ȱN.E.ȱBekaaȱ isȱaȱsemiȬ
aridȱtoȱaridȱinlandȱzone,ȱAkkarȱisȱaȱcoastalȱhumidȱzone,ȱwhileȱtheȱSouthȱisȱaȱcoastalȱsubȬhumidȱ
area.ȱThisȱexplainsȱsomeȱofȱtheȱdifferencesȱinȱtheȱnaturalȱthreats,ȱi.e.ȱN°ȱ1ȱtoȱN°ȱ4ȱofȱ(Tableȱ1).ȱ
Onȱ theȱotherȱhand,ȱ theȱ similaritiesȱofȱBekaaȱandȱAkkarȱ inȱ threatsȱN°ȱ8ȱ toȱN°ȱ13,ȱasȱdifferentȱ
fromȱ theȱSouth,ȱ isȱexplainedȱbyȱaȱhigherȱ intensityȱofȱuncontrolledȱhumanȱ interference.ȱThoseȱ
itemsȱthatȱareȱdifferent,ȱi.e.ȱN°ȱ6ȱandȱN°ȱ7,ȱreflectȱdifferencesȱinȱtheȱcharacterȱofȱtheȱarea:ȱmoreȱ
surfaceȱ waterȱ isȱ availableȱ inȱ Akkar,ȱ therefore,ȱ lessȱ exploitationȱ ofȱ groundwater,ȱ andȱmoreȱ
widespreadȱcattleȱinȱtheȱBekaaȱexplainingȱtheȱovergrazingȱthere.ȱȱ

Obviously,ȱ theȱ threatsȱ areȱ variableȱ andȱ coverȱmanyȱ themesȱ butȱ canȱ beȱ groupedȱ underȱ twoȱ
majorȱaspects:ȱtheȱnatural,ȱi.e.ȱN°ȱ1,ȱ2,ȱ3ȱandȱ4,ȱandȱhumanȬmade,ȱi.e.ȱN°ȱ5ȱtoȱN°ȱ14ȱ inclusive.ȱ
Theȱ impactsȱofȱ theȱ threatsȱareȱquiteȱ serious,ȱandȱoneȱcanȱassumeȱ thatȱ thoseȱ labeledȱHȱ (high)ȱ
haveȱbeenȱdeterioratingȱcontinuouslyȱtoȱreachȱthisȱhighȱlevelȱofȱvulnerability.ȱTheȱseriousnessȱisȱ
inȱ theȱ factȱ thatȱ theȱ communityȱ inȱ thoseȱ areasȱbecomeȱ lessȱ adaptiveȱ toȱ stresses.ȱTheȱneedȱ forȱ
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impactȱ assessmentȱ andȱ adaptationȱ assessmentȱ areȱ necessaryȱ forȱ anȱ integratedȱ vulnerabilityȱ
assessment.ȱTheseȱassessmentsȱcanȱbeȱmadeȱonlyȱifȱinformationȱisȱavailable,ȱwhichȱwouldȱleadȱ
toȱreduceȱtheȱvulnerability.ȱSinceȱremoteȱsensingȱisȱaȱvaluableȱtoolȱinȱmonitoringȱandȱquickȱdataȱ
acquisition,ȱitȱisȱinevitableȱthatȱitsȱuseȱisȱquiteȱsignificantȱinȱreducingȱLebanon�sȱvulnerabilityȱtoȱ
desertification.ȱ

 Vulnerability of the most desertification-prone areas in Lebanon* 

N° 
Areas 

Threats 
N.E. Bekaa Akkar South 

1 drought H L M 

2 erosion by water H H M 

3 erosion by wind H L L 

4 flash floods H M L 

5 water mismanagement H H H 

6 excessive exploitation ground water H M M 

7 overgrazing H M L 

8 uncontrolled quarrying H H L 

9 bad agro-practices H H M 

10 uncontrolled urban expansion H H M 

11 deforestation/forest fires H H M 

12 uncontrolled pesticides fertilizer H H M 

13 water pollution H H M 

14 poverty H H H 

*basic data modified from NAP (2002) 
H: high, M: medium, L: low 

Impact Assessment 

Althoughȱ severalȱ researchersȱ haveȱ workedȱ onȱ landȱ degradationȱ aspectsȱ inȱ Lebanon,ȱ andȱ
althoughȱseveralȱprojectsȱrelatedȱtoȱthisȱissueȱwereȱorȱstillȱareȱbeingȱimplemented,ȱnoȱnationalȱ
actionȱhasȱyetȱbeenȱ takenȱ followingȱaȱ systematicȱapproachȱ toȱassessȱdesertificationȱ throughȱaȱ
wellȬdefinedȱ setȱ ofȱ criteriaȱ (Khawlie,ȱ 2000).ȱ Moreover,ȱ evenȱ thoughȱ aȱ �LEDO�Ȭȱ Lebaneseȱ
EnvironmentȱandȱDevelopmentȱObservatoryȱwasȱerectedȱatȱtheȱMinistryȱofȱEnvironmentȱ(MoE)ȱ
forȱ theȱpurposeȱofȱcollectingȱ indicatorsȱdataȱonȱmanyȱaspectsȱofȱenvironmentalȱdeterioration,ȱ
includingȱdesertificationȱ(LEDO,ȱ2001),ȱitȱdoesȱnotȱseemȱtoȱbeȱsustainable.ȱTheȱcrucialȱproblemȱ
liesȱ inȱtheȱinaccessibilityȱofȱtheȱLEDOȱauthoritiesȱtoȱdata,ȱorȱ inȱtheȱunavailabilityȱofȱindicatorsȱ
data/informationȱ fromȱ theȱ differentȱ stakeholders,ȱ e.g.ȱ relevantȱministries,ȱ agencies,ȱ researchȱ
centersȱ�ȱetc.ȱThisȱisȱgoingȱonȱwhileȱdeteriorationȱcontinuesȱ(NAP,ȱ2002),ȱandȱtheȱobviousȱneedȱ
isȱforȱaȱcontinuousȱinflowȱofȱinformationȱtoȱactuallyȱassessȱwhatȱisȱgoingȱonȱinȱorderȱtoȱbeȱableȱ
toȱreduceȱtheȱvulnerability.ȱ

Noȱ doubt,ȱ remoteȱ sensingȱ canȱ andȱ shouldȱ playȱ aȱ pivotalȱ roleȱ inȱ acquiringȱ andȱ availingȱ
informationȱ toȱassessȱ theȱvariousȱ impacts.ȱThisȱ isȱhighlyȱ facilitatedȱwithȱ theȱuseȱofȱ indicatorsȱ
(Enneȱ&ȱZucca,ȱ2000;ȱUNEP,ȱ2000).ȱInȱviewȱofȱtheȱthreatsȱexposedȱinȱ(Tableȱ1),ȱwhichȱreflectsȱtheȱ
mostȱendangeredȱareasȱbyȱdesertificationȱinȱLebanon,ȱtheȱimpactsȱofȱthoseȱthreats,ȱtheirȱpossibleȱ
indicatorsȱandȱwhetherȱtheyȱcanȱbeȱmonitoredȱbyȱremoteȱsensingȱareȱshownȱinȱ(Tableȱ2).ȱAboutȱ
atȱ leastȱ thirtyȱ indicatorsȱ areȱ shownȱ inȱ (Tableȱ 2)ȱ thatȱ canȱ beȱmonitoredȱ byȱ remoteȱ sensing.ȱ
Moreover,ȱmostȱofȱtheseȱindicatorsȱcanȱbeȱdetectedȱstronglyȱbyȱremoteȱsensing,ȱthusȱsupplyingȱ
ampleȱdata/informationȱforȱvulnerabilityȱassessment.ȱ
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ȱ
 Lebanon along the eastern Mediterrannean, with microclimates and the three risk areas 
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 Availing data for impact assessment of land degradation through remote sensing (RS) 

1. drought - reduced precipitation 
- drying soils 
- de-greening 

- climatic parameters 
- soil moisture 
- plant cover, NDVI 

S 
S 
S 

2. erosion by water 
erosion by wind 

- eroded soils 
- bare productive lands 
- weak plant cover 

- erosional features 
- bare surfaces 
- plant cover, NDVI 

M-S 
S 
S 

3. flash floods - dissected surfaces 
- flash flood deposits 
- destroyed properties 

- dissection features 
- surficial deposits 
- destroyed properties 

S 
M 
S 

4. water 
mismanagement 

- unavailability 
- losses/wasted 
- bad quality (polluted) 
- imbalance 
- diseases 

- dried streams/reservoirs 
- pollution parameters (various) 

 

 
S 
S 
- 
- 

5. excessive 
exploitation of 
ground water 

- deficiency 
- lowering WT 
- lowering soil moisture 
- weak green cover 

- abandoned dry wells 
  (by radar if WT is shallow) 
- soil moisture 
- plant cover/NDVI 

S 
Radar 

S 
S 

6. overgrazing - deficient rangelands 
- herds grazing elsewhere 
- bare trees 

- rangelands 
- herds movements/locations 
- comparative green cover 

S 
S 
S 

7. uncontrolled 
quarrying 

- excavated areas 
- distorted landscape 
- increased erosion 
- bare lands 
- diseased green cover 
- polluted water 
- air pollution 

- excavated huge holes 
- erratic land surfaces 
- erosion features 
- bare surfaces 
- green cover 
- pollution parameters (water) 
- pollution parameters (air) 

S 
S 

M-S 
S 
S 
S 
M 

8. agro-practices - degraded land 
- unproductive land 
- soil salinization 
- water deficiency 
- diseased agro-products 

- various features 
- bare agricultural land 
- salty crusts 
- dried lands 
- diseased plants 

S 
S 
M 
S 
S 

9. uncontrolled urban 
expansion 

- loss of productive land: 
 + agriculture 
 + forest 
 + rangeland 
- increased bare lands 
- increased erosion 

 
- agro-cover 
- forest cover 
- rangeland cover 
- bare surfaces 
- erosion features 

 
S 
S 
S 
S 

M-S 
10. deforestation/ 

forest fires 
- loss of forest 
- loss of ecosystem 
- loss of rangelands 
- increased bare lands 
- increased erosion 
- air pollution 
- less precipitation 
- dryness 

- forest cover 
- natural/wild life 
- rangeland cover 
- bare surfaces 
- erosion features 
- air pollution parameters 
- climatic parameters 
- soil moisture 

S 
S 
S 
S 

M-S 
M 
S 
S 

11. uncontrolled 
pesticides/ 
fertilizer 

- diseased plants 
- salt salinization 
- water pollution 

- plant cover 
- salt crusts 
- water pollution parameters 

S 
M 
S 

12. water pollution - polluted water 
- diseased plants 
- diseases 

- water pollution parameters 
- plant cover 

S 
S 

13. poverty - quality of living - housing type & density 
- cleanliness of surroundings 
- various urban features 

S 
S 
S 

*S: strong M: medium 
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Theȱ fourteenȱ threatsȱhaveȱdifferentȱ levelsȱofȱ�risk�ȱ inȱLebanonȱ inȱasȱmuchȱasȱ theyȱ endangerȱ
humanȱcommunitiesȱandȱaffectȱtheirȱqualityȱofȱ living.ȱForȱexample,ȱdroughtsȱandȱflashȱfloodsȱ
areȱ farȱmoreȱ dangerousȱ onȱ humans,ȱ andȱ theirȱ effectsȱ inȱ landȱ degradationȱ exceedȱ anyȱ otherȱ
mentionedȱthreat.ȱTheirȱriskȱcouldȱbeȱquantifiedȱinȱtermsȱofȱbothȱitsȱnatureȱandȱtype.ȱForȱnature,ȱ
itȱ relatesȱ toȱwhatȱ riskȱ constitutes,ȱ itsȱ scale,ȱ distribution,ȱ recurrenceȱ�ȱ etc.ȱwhileȱ theȱ typeȱ isȱ
reflectedȱinȱquantity,ȱquality,ȱdegradationȱlevelȱ�ȱetc.ȱTheseȱcanȱbeȱfurtherȱanalyzedȱinȱtermsȱofȱ
theirȱlevelsȱofȱimpact,ȱi.e.ȱlocalȱorȱregional,ȱandȱtheirȱrecoveryȱrateȱfromȱtheȱdamagesȱincurred,ȱ
i.e.ȱdays,ȱmonths,ȱyearsȱ�ȱetc.ȱThus,ȱtheȱfourteenȱthreatsȱcanȱbeȱplottedȱonȱaȱcorrelationȱchartȱinȱ
viewȱ ofȱ theirȱ increasingȱ effectsȱ onȱ increasingȱ vulnerabilityȱ asȱ wellȱ asȱ theirȱ demandȱ forȱ
informationȱasȱshownȱinȱ(Fig.ȱ2).ȱOfȱcourse,ȱthisȱisȱoneȱapproachȱtoȱfollowȱamongȱmanyȱothers.ȱ
Evenȱ theȱwellȱknownȱDPSIRȱapproachȱ�ȱDrivingȱ force/Pressure/Status/Impact/ȱandȱResponse,ȱ
hasȱalsoȱbeenȱfollowedȱtoȱfindȱoutȱhowȱcanȱremoteȱsensingȱcontributeȱtoȱgenerateȱinformationȱ
relatingȱtoȱdesertificationȱbyȱmonitoringȱrelevantȱindicatorsȱ(Khawlieȱetȱal.,ȱ2002).ȱ

  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Increasing vulnerability to desertification 
1, 2, 9 … the desertification threats (Tables 1, 2) 
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1 + + 4 

2 +  + 11 

10 + + 12 

6 + + 7 

9 + + 5 

13 + + 14 

8 + + 3 

ȱ
 Correlation between threats, information requirements and increasing vulnerability to 

desertification in Lebanon 

Ifȱ theȱ internationalȱ criteriaȱofȱusingȱ remoteȱ sensingȱ forȱ assessingȱ statusȱofȱdesertificationȱ areȱ
usedȱ hereȱ (Kharinȱ etȱ al.,ȱ 1999),ȱ oneȱ canȱ divideȱ theȱ Lebaneseȱ territoryȱ intoȱ threeȱ classesȱ ofȱ
differentȱlevelsȱofȱdeteriorationȱ(Khawlie,ȱ2000):ȱslight,ȱmoderateȱandȱsevere.ȱTheȱinternationalȱ
criteriaȱusedȱtoȱquantifyȱthatȱand,ȱtherefore,ȱtheȱvulnerabilityȱofȱtheȱcountry,ȱareȱreflectedȱinȱtheȱ
extentȱofȱ theȱ following:ȱ theȱvegetativeȱ cover,ȱ soilȱwindȱerosion,ȱ soilȱwaterȱerosionȱandȱwaterȱ
logging.ȱOfȱcourseȱtheseȱareȱtheȱminimalȱcriteria,ȱbecauseȱlookingȱbackȱatȱ(Tablesȱ1ȱandȱ2)ȱmanyȱ
otherȱcriteriaȱcanȱbeȱobservedȱ throughȱremoteȱsensing.ȱTheȱ ideaȱ isȱ toȱdependȱonȱ theȱminimalȱ
possibleȱbutȱhighlyȱindicativeȱparametersȱandȱsecureȱinformationȱaboutȱtheȱstatusȱofȱtheȱterrain.ȱ
Thoseȱcriteriaȱforȱdeteriorationȱlevelsȱareȱevaluatedȱbyȱindicatorsȱsuchȱasȱwhetherȱtheȱvegetationȱ
coverȱ isȱ�modified�ȱorȱ�decreased�ȱorȱ�lost�ȱbetweenȱtheȱpresentȱandȱsomeȱpastȱtimeȱ intervalȱ
(Kharinȱetȱal.,ȱ1999).ȱSimilarly,ȱforȱsoilȱwaterȱerosion,ȱoneȱisȱlookingȱforȱitsȱ�type�,ȱi.e.ȱsheetȱorȱ
gulliesȱ orȱdissectionȱ erosion,ȱwhetherȱ theȱ �soilȱ topȱ isȱ removed�ȱ orȱwhetherȱ thereȱ isȱ �lossȱ ofȱ
yield�.ȱObviously,ȱallȱtheseȱvulnerabilityȱaspectsȱrequireȱinformationȱsecuredȱthroughȱremotelyȱ
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sensedȱ indicators,ȱ inȱ orderȱ toȱ quantifyȱ themȱ andȱ beȱ ableȱ toȱ presentȱ adaptationȱ solutionsȱ toȱ
reduceȱvulnerability.ȱ

Integrated Adaptation Through Remote Sensing 

Itȱ isȱwellȱknownȱnowȱthatȱachievingȱoptimumȱsolutionsȱforȱsuchȱproblemsȱasȱencounteringȱasȱ
landȱ degradationȱ needsȱ integrationȱ ofȱ approachesȱ andȱ sectors.ȱ Thisȱ isȱwhatȱ knowledgeableȱ
researchersȱandȱdecisionȬmakersȱfollowȱtoȱsecureȱthroughȱenvironmentalȱmanagementȱ(EM).ȱInȱ
simpleȱ terms,ȱ thisȱ requiresȱ securingȱ theȱ followingȱ managementȱ adaptationȱ functions:ȱ
organization,ȱ data,ȱ planningȱ andȱ decision.ȱ Furthermore,ȱ toȱ raiseȱ adaptationȱ andȱ optimumȱ
solutionsȱ toȱaȱhigherȱ level,ȱ i.e.ȱbecomeȱmoreȱeffective,ȱenvironmentalȱmanagementȱ (EM)ȱmustȱ
beȱ raisedȱ toȱ strategicȱ sustainableȱ environmentalȱmanagementȱ (SSEM)ȱ asȱ thisȱ encountersȱ allȱ
sectorsȱ andȱ inputs.ȱ Inȱ itsȱ turn,ȱ SSEMȱ requiresȱ threeȱ basicȱ functions:ȱ identifyingȱ goalsȱ ofȱ
development,ȱfacingȱcausesȱofȱdegradationȱandȱenvironmentalȱimpactȱassessment.ȱ

Theȱpreviousȱlevelsȱofȱadaptationȱfunctionsȱcanȱbeȱintegratedȱtogetherȱgoingȱfromȱoneȱlevelȱintoȱ
theȱ otherȱ asȱ shownȱ inȱ (Fig.ȱ 3).ȱObviously,ȱ levelȱ Iȱ isȱ quiteȱ generalȱ asȱ itȱ appliesȱ toȱNationalȱ
concerns,ȱ leadingȱ intoȱ levelȱ IIȱwhichȱservesȱregionalȱconcerns,ȱ thenȱ levelȱ IIIȱ isȱdefinitelyȱmoreȱ
focused.ȱ Theseȱ functionsȱ canȱ applyȱ toȱ theȱ problemȱ ofȱ desertificationȱ byȱ arrivingȱ atȱ SSEMȱ
specificallyȱgearedȱtoȱdesertificationȱprocessesȱorȱthreatsȱ(Tablesȱ1ȱandȱ2).ȱThisȱisȱshownȱbyȱtheȱ
componentȱ �strategy�ȱ atȱ theȱ veryȱ centerȱ ofȱ theȱ Figure.ȱ Theȱ moreȱ significantȱ problems,ȱ orȱ
threats,ȱmayȱvaryȱgeographically,ȱandȱtheyȱcanȱbeȱprioritizedȱthroughȱthisȱintegratedȱapproach.ȱ
Butȱgenerally,ȱ(Fig.ȱ2)ȱreflectsȱonȱtheȱincreasingȱvulnerabilityȱofȱLebanon,ȱsoȱaȱsortȱofȱNationalȱ
priority(ies)ȱcanȱbeȱestablishedȱ followingȱ theȱ integratedȱapproachȱwhichȱ increasesȱadaptationȱ
capacitiesȱthusȱreducingȱvulnerabilities.ȱTheȱcentralȱfunctionȱinȱ(Fig.ȱ3)ȱisȱtheȱstrategy,ȱwhichȱisȱ
builtȱ onȱ theȱ surroundingȱ inputsȱ thatȱ areȱ allȱ informationȱ �ȱdependent.ȱThus,ȱ itȱ canȱ beȱ calledȱ
integratedȱinformationȱstrategicȱassessmentȱ(IISA).ȱ
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ComingȱbackȱtoȱinformationȱasȱitȱisȱtheȱbackboneȱofȱIISA,ȱoneȱisȱinterestedȱtoȱknowȱhowȱmuchȱ
ofȱthatȱ informationȱatȱtheȱhighestȱ level,ȱ i.e.ȱLevelȱIIIȱ is,ȱorȱcanȱbeȱsuppliedȱbyȱremoteȱsensing.ȱ
ThisȱcanȱbeȱdeterminedȱbyȱwhatȱareȱtheȱmajorȱrequirementsȱofȱLevelȱIIIȱfunctions.ȱTheyȱareȱtheȱ
following:ȱ

1. change detection 4. criteria & standards 7. priorities 10. development 

2. loss of resources 5. monitoring & indicators 8. trends 11. optimum solutions 

3. pollution 6. quick, total, accurate 
information 

9. projection & 
protection 

12. assessment & 
feedback 

 

Outȱofȱ theȱ twelveȱmajorȱrequirementsȱcitedȱabove,ȱeightȱmayȱdependȱonȱ informationȱdirectlyȱ
suppliedȱbyȱremoteȱsensing,ȱwhileȱtheȱotherȱfourȱ(inȱ italics)ȱdependȱ indirectlyȱonȱthatȱkindȱofȱ
information.ȱFittingȱthisȱbackȱinȱ(Fig.ȱ2)ȱandȱ(Tableȱ2),ȱandȱrememberingȱwhatȱwasȱmentionedȱatȱ
theȱbeginningȱofȱ theȱpaperȱ thatȱ theȱmajorȱsetbackȱ inȱLebanonȱ isȱ lackȱofȱdata/information,ȱoneȱ
canȱ easilyȱ seeȱ howȱ remoteȱ sensingȱ canȱ significantlyȱ contributeȱ toȱ reducingȱ Lebanon�sȱ
vulnerabilityȱtoȱdesertificationȱthroughȱsupplyȱofȱinformation.ȱ
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